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section S1. Ultrafast photocarrier dynamics in the perovskite films
When the perovskite films are photoexcited, the charge carrier generation and recombination dynamics offer useful insight into the nature of photo-generated carrier species and recombination pathways. For example, at the early timescales after excitation, the nonequilibrium charge carriers relax through different pathways than at later stages close to equilibrium. At early timescales after excitation, the higher order recombination kinetics can result from Auger recombination (third order) and electron-hole bimolecular recombination kinetics. The monomolecular recombination of free carriers determines the lifetime of carriers at low excitation intensity and thus the switching speeds in our devices. Like other semiconductors, the carrier recombination process in perovskites can be modeled using the rate equation
where 1 , 2 , and 3 are the monomolecular, bimolecular and Auger recombination rate constants and n is the carrier concentration (17). The initial photoinduced charge carrier density in the material can be determined from the relationship
where α is the absorption coefficient (cm -1 ), ℰ is the energy of the optical pump (J), and E ph is the photon energy (J), A is the effective cross-sectional illumination area (cm 2 ). Experimentally, we measure the differential transmission, −Δ / , of the terahertz electric field, whose value immediately after excitation can be used to determine the initial charge carrier density. We fit the decay in the differential transmission, which also corresponds to the conductivity to the rate equation in eq. S1, to determine the rate constants. The relevant lifetimes associated with each recombination pathway are given by monomolecular rate constant 1 , bimolecular rate constant 2 and Auger 3 . Toget proper estimate of rate constants, the response has been measured over maximum time span allowed by our measurement setup (1250 ps). The carrier recombination dynamics obtained using optical pump terahertz probe (TR-OPTP) measurements showed fit well using the mono-, bi-and tri-molecular recombination terms. The carrier lifetime in MAPbI3 films was found to be ~ 7.8 ns with 800 pump excitation at fluence of 40 μJ/cm 2 and ~ 500 ps for MAPbBr3 films at 400 nm excitation, as shown in fig. S1 . 
MAPbI3 -800 nm optical excitation

section S2. Photocarrier dynamics in MAPbI3 with 400-nm excitation
The photoexcitation of MAPbI3 films with 400 nm optical pump corresponds to excitation between different levels in the band structure of MAPbI3 that are expected to exhibit different carrier recombination dynamics. Figure S3 shows the carrier dynamics in MAPBI3 film and the extracted conductivity when excited with a 400 nm optical pump, generated via second harmonic generation in a BBO crystal. The highest extracted conductivity values in 100 nm thick films were found to be ~ 12200 S/m. 
fig. S3. Ultrafast photocarriers dynamics of
section S4. Transmission line modeling of frequency-agile metamaterial devices
We modeled the metal split ring resonator (SRR) using a transmission line model that consists of an LC resonator associated with the inductive metal and the capacitive gap, as shown in fig.   S5 (A). When this structure is uniformly overlaid with a perovskite, the LC resonator circuit is modified by adding a resistance ( ) in parallel, as shown in fig. S5(B) . In the dark state where there is no photoexcitation, = ∞. Thus, the response is expected to be nearly identical to that of the metal SRR. As carriers are photogenerated in the perovskite film via photoexcitation, decreases, shielding the resonance effect of the LC circuit. In the extreme case, when the resistance is very small ( ≅ 0), when the perovskite conductivity becomes extremely high, the transmission is expected to go to zero and the resonance response fully suppressed. The experimental results are supported by finite element method simulations performed using ANSYS.
If we now consider hybrid SRR -perovskite metamaterial structures, where the perovskite is selectively patterned in the gaps, the induced conductivity upon photoexcitation manifests itself as an parallel inductance ( ) and a resistance ( ) in parallel to the capacitance of the gap in the SRR, as shown in fig. S5 (C). Now, as the conductance is increased, there is a red-shift in the resonance allowing for frequency agile operation of the device. delay was introduced between the 800 nm and 400 nm excitation pulses.
